herited mutations in the BRCA1 or BRCA2 (BRCA1/2) genes have substantially elevated risks of breast cancer and ovarian cancer, with a lifetime risk of breast cancer of 56% to 84%. [1] [2] [3] The estimated ovarian cancer risks range from 36% to 63% for BRCA1 mutation carriers and 10% to 27% for BRCA2 mutation carriers. [3] [4] [5] [6] Women who are mutation carriers have cancer risk-management options that include risk-reducing salpingooophorectomy, risk-reducing mastectomy, annual cancer screening, and chemoprevention. Due to the lack of effective screening for ovarian cancer, salpingo-oophorectomy is strongly recommended once childbearing is complete.
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Salpingo-oophorectomy has been demonstrated to decrease the risk of both breast cancer and ovarian cancer in BRCA1/2 mutation carriers. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] However, estimates for risk and mortality reduction for women with and without a history of breast cancer may differ and be of clinical relevance. Likewise, data are emerging that suggest BRCA1 mutation carriers may experience differential benefits from interventions such as salpingo-oophorectomy compared with BRCA2 mutation carriers. 15, 17 Herein, we examine a large cohort of BRCA1/2 mutation carriers followed up prospectively and report cancer riskreduction estimates following riskreducing salpingo-oophorectomy and risk-reducing mastectomy in a number of scenarios incorporating mutation type (BRCA1 vs BRCA2), and cancer history (prior history of breast cancer vs none).
METHODS
Women with inherited, diseaseassociated BRCA1/2 mutations were identified from 22 centers in the Prevention and Observation of Surgical Endpoints (PROSE) consortium. Participants were ascertained between 1974 and 2008. The PROSE protocol was previously described. 12 All participants underwent an informed consent process for participation in research. This protocol was approved by the institutional review board at each institution. Study participants were enrolled as a cohort with time of follow-up starting from patient ascertainment into the research program. Genetic testing was performed per institutional guidelines and all patients received posttest counseling to review medical management options. Women who declined riskreducing salpingo-oophorectomy or mastectomy were offered increased surveillance at all centers according to established guidelines. At US sites, this consisted of annual mammography and magnetic resonance imaging for those with breast tissue, and transvaginal ultrasound every 6 to 12 months and CA 125 blood testing for those with ovaries in place. In the United Kingdom, women were offered annual mammography and magnetic resonance imaging until age 50 years. Ovarian cancer screening consisted of transvaginal ultrasonography and CA 125 blood testing every 4 months.
Patients were eligible for the study if they had no prior ovarian cancer diagnosis and no salpingo-oophorectomy at the time of ascertainment and had a minimum of 6 months of followup. Patients were excluded if they received a cancer diagnosis within the first 6 months of follow-up (to avoid including cancers that would have been minimally influenced by riskreducing salpingo-oophorectomy or mastectomy). Participants were followed up until the end of 2009. The median follow-up was 3.65 years (range, 0.52-27.4 years) among those who underwent surgery and 4.29 years (range, 0.5-27.9 years) in women who did not undergo surgery.
There were 4255 known BRCA1/2 mutation carriers in the PROSE study that were considered for inclusion. Twelve women were excluded because they had both BRCA1 and BRCA2 mutations, 525 because they underwent salpingo-oophorectomy before the ascertainment date, 363 because they were diagnosed with ovarian cancer before the ascertainment date, 738 because they had been followed up for less than 6 months, and 135 because they had incident cases of cancer. Participants who had undergone risk-reducing mastectomy prior to ascertainment were excluded from all breast cancer incidence analyses. Breast cancer included invasive cancers and ductal carcinoma in situ.
Women who had not undergone risk-reducing mastectomy were followed up prospectively from the age at ascertainment. Women who had undergone risk-reducing mastectomy after ascertainment were followed up from the age at the time of their riskreducing mastectomy. The primary outcome was breast cancer. If no breast cancer occurred, women were censored at the age of ovarian cancer diagnosis, death, or last contact.
Women who underwent riskreducing salpingo-oophorectomy after ascertainment were followed up from the age at the time of their salpingo-oophorectomy. Women who had not undergone risk-reducing salpingooophorectomy were followed up prospectively from the age at ascertainment. The outcomes of interest were ovarian cancer diagnosis, breast cancer diagnosis, second diagnosis of primary breast cancer, and mortality.
For ovarian cancer end points, women were followed up until ovarian cancer diagnosis, censoring at death, or last contact. Women were excluded if they were diagnosed with an occult ovarian cancer during risk-reducing salpingooophorectomy. When missing data were encountered, the individual was dropped from the analysis that involved the missing data point, but the individual was included in other analyses in which complete data were available; in fact, because many of the data items were required for enrollment, missing data was only applicable to ovarian cancer end points. For breast cancer end points, women were excluded if they underwent riskreducing mastectomy prior to ascertainment. Women who had risk-reducing mastectomy after ascertainment but before risk-reducing salpingo-oophorectomy were considered unexposed and were censored at the time of riskreducing mastectomy. Women were followed up until breast cancer diagnosis or were censored at the time of ovarian cancer diagnosis, risk-reducing mastectomy, death, or last contact. For analysis of second diagnosis of primary breast cancer, the aforementioned censoring criteria were applied, and women also were censored at the time of a contralateral mastectomy. A second diagnosis of breast cancer was defined as any contralateral breast cancer or an ipsilateral breast cancer diagnosed more than 5 years after the first.
For the mortality analysis, the inclusion and follow-up methods were similar to the salpingo-oophorectomy analyses described above. However, women were censored at last contact, with the primary outcome being death.
T h e e f f e c t s o f r i s k -r e d u c i n g salpingo-oophorectomy and riskreducing mastectomy on cancer incidence and mortality were analyzed using Cox proportional hazards models. A robust variance-covariance esti-mation method was used to correct for nonindependence of observations among participants from the same family or within centers. 18 Adjustment for year of birth was undertaken in all analyses using Cox regression. Oral contraceptive use was adjusted for when ovarian cancer and ovarian cancer mortality were the outcomes. Adjustment for center of ascertainment was undertaken by stratifying analyses by center to avoid imposing linear constraints in the model. Surgical participants were followed up from the age of risk-reducing salpingooophorectomy or mastectomy. Nonsurgical participants were followed up from the age of ascertainment. All analyses were undertaken using Stata version 9 (StataCorp, College Station, Texas). All statistical tests were based on 2-sided hypotheses and inferences of statistical significance were made at the level of P equal to .05. There were no cases of breast cancer prior to ascertainment or risk-reducing salpingo-oophorectomy. Participants were censored at occurrence of ovarian cancer, death, or last contact. b Cancer was found incidentally at the time of prophylactic mastectomy and excluded from analysis. c There were no cancer events in those with risk-reducing mastectomy so HRs cannot be estimated.
RESULTS

Risk
When analyzed by mutation status, salpingo-oophorectomy was associated with a significantly lower all-cause mortality in BRCA1 mutation carriers overall (HR, 0.38; 95% CI, 0.24-0.62). With fewer participants and fewer events, allcause mortality in BRCA2 mutation carriers was not statistically significant (HR, 0.52; 95% CI, 0.22-1.23). 
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©2010 American Medical Association. All rights reserved. Table 5 ) and ovarian cancer-specific mortality (HR, 0.22 [95% CI, 0.06-0.83]; Table 6 ). There were neither ovarian cancer deaths following salpingo-oophorectomy in BRCA2 mutation carriers, nor were there any breast cancer deaths in BRCA2 mutation carriers who underwent salpingooophorectomy prior to cancer diagnosis. In an exploratory analysis, overall survival was associated with salpingooophorectomy in those younger than 50 years (HR, 0.41; 95% CI, 0.25-0.67) and in those aged 50 years or older (HR, 0.37; 95% CI, 0.15-0.94) ( Table 4) ; however, a test of interaction was not significant, which suggests no difference in overall mortality benefit between these 2 groups. There have been 8 deaths after salpingooophorectomy in those without cancer prior to salpingo-oophorectomy: 2 of the deaths were from breast cancer and 3 deaths were primary peritoneal cancer (1 due to leukemia, 1 due to stomach cancer, and 1 death that was not related to cancer; eTable 1 and eTable 2 at http://www.jama.com). Although 151 women without prior cancer also underwent mastectomy (34%), neither of the 2 who died from breast cancer had undergone risk-reducing mastectomy. In those patients with breast cancer prior to salpingooophorectomy, 23 died (including 19 deaths due to breast cancer and 1 due to ovarian cancer).
COMMENT
The clinical management of cancer risk in BRCA1 and BRCA2 mutation carriers is complex and is best informed by accurate knowledge of the outcomes of interventions. Most prior studies that have investigated the effect of riskreducing salpingo-oophorectomy or mastectomy on breast cancer risk did not examine effects either by mutation status 7, 9, 12 or by prior cancer diagnosis. 14, 19 There may be little added benefit of risk-reducing salpingooophorectomy on breast cancer risk if women have chemotherapy-induced menopause, or if they are already receiving hormonal therapy. We hypothesize that both of these factors are important in determining precise estimates of risk reduction. Our results confirm that risk-reducing mastectomy is associated with a significant reduction in breast cancer risk. In addition, riskreducing salpingo-oophorectomy is associated with a significant decrease in ovarian cancer risk in both BRCA1 and BRCA2 mutation carriers, and in those with and without a prior diagnosis of breast cancer. There is a significant reduction in breast cancer risk following risk-reducing salpingo-oophorectomy in both BRCA1 and BRCA2 mutation carriers without prior cancer diagnosis. Overall mortality was improved in women undergoing riskreducing salpingo-oophorectomy. In women who underwent risk-reducing salpingo-oophorectomy, 1.1% were subsequently diagnosed with ovarian cancer, 11.4% were subsequently diagnosed with breast cancer, and 3.1% subsequently died of any cause. In women who did not undergo riskreducing salpingo-oophorectomy, 5.8% were subsequently diagnosed with ovarian cancer, 19.2% with breast cancer, and 9.8% subsequently died from any cause.
Risk-reducing mastectomy is a highly effective strategy for breast cancer risk reduction. 20, 21 In our prospec- Table 6 . Risk-Reducing Salpingo-oophorectomy and Ovarian Cancer−Specific Mortality a tive analysis, no breast cancer cases were observed after risk-reducing mastectomy. The observation of no prospectively identified breast cancer cases may be due to biases in prior retrospective studies or improved surgical techniques in recent prospective analyses.
All Eligible Women
Risk-reducing salpingo-oophorectomy is highly effective in reducing ovarian and fallopian tube cancers in both BRCA1 and BRCA2 mutation carriers and in those with and without prior breast cancer. Precise estimates of risk reduction following riskreducing salpingo-oophorectomy are needed to balance the increasingly recognized health risks caused by premature menopause. [22] [23] [24] [25] [26] We observed no primary peritoneal cancers following risk-reducing salpingo-oophorectomy in BRCA2 mutation carriers, although such cancers have been reported. 10 In BRCA1 mutation carriers, risk-reducing salpingo-oophorectomy was associated with a 70% reduction in the risk of ovarian cancer in those without prior breast cancer and an 85% reduction in those with prior breast cancer. It is unknown whether these numbers are truly different, reflect censoring from death due to breast cancer, or are a protective effect following breast cancer treatment.
Risk-reducing salpingo-oophorectomy was associated with a significantly decreased risk of breast cancer in those without prior breast cancer with both BRCA1 (37% reduction) and BRCA2 mutations (64% reduction). In mutation carriers with prior breast cancer, risk-reducing salpingo-oophorectomy had no effect on risk of second diagnosis of primary breast cancer. In women with sporadic breast cancer, the benefit of risk-reducing salpingooophorectomy when added to standard adjuvant treatment is uncertain and is the subject of multiple ongoing clinical trials. Chemotherapy often leads to cessation of menses, so any effect of ovarian ablation from risk-reducing salpingo-oophorectomy may be achieved in some women by chemotherapy. In premenopausal women with estrogen receptor (ER)-positive tumors, hormone therapy in addition to chemotherapy significantly improves diseasefree survival. 27, 28 Our data are in contrast to prior reports demonstrating benefit of oophorectomy in preventing contralateral breast cancer. 29, 30 Differences in adjuvant therapy use could explain these discrepancies; however, a limitation of our study is the absence of detailed treatment information. It is important to note that ovarian cancer risk is independent of menopause; menopause either naturally occurring or chemotherapy-induced is not known to decrease the risk of ovarian cancer. Regardless of the effect of oophorectomy on second diagnosis of breast cancer, oophorectomy is essential to reduce the risk of ovarian cancer, which can be a significant cause of morbidity and mortality in women with earlystage breast cancer. 29 Our data suggest that risk-reducing salpingo-oophorectomy may be associated with a lower breast cancer risk in BRCA2 mutation carriers than in BRCA1 mutation carriers (64% vs 37%, respectively). Kauff et al 15 observed a statistically significant breast cancer risk reduction following risk-reducing salpingo-oophorectomy in BRCA2 but not BRCA1 mutation carriers. The potentially larger risk reduction associated with risk-reducing salpingo-oophorectomy in BRCA2 compared with BRCA1 mutation carriers is of interest given the high proportion of ER-positive breast tumors in BRCA2 mutation carriers compared with BRCA1 mutation carriers. 31 Additional research is required to address this issue.
We are still unable to provide definitive data with respect to the timing of risk-reducing salpingo-oophorectomy on the efficacy of breast cancer risk reduction because the numbers in each subgroup remain small with a limited number of events. Eisen et al 14 reported that the breast cancer risk reduction with salpingo-oophorectomy was greater in BRCA1/2 mutation carriers who underwent surgery before the age of 50 years than in women who underwent surgery after the age of 50 years. The results of the present analyses are consistent with this finding for unaffected women who undergo riskreducing salpingo-oophorectomy before age 50 years.
The importance of understanding the optimal age to undergo risk-reducing salpingo-oophorectomy is underscored by several reports 32 in the general population that suggest that oophorectomy in women younger than age 45 years is associated with increased mortality, particularly if hormone therapy is not used. 26 Although these data are not directly applicable to women with BRCA1/2 mutations who have markedly increased risks of breast and ovarian cancer and therefore a different risk and benefit profile, issues of timing and the safety of hormone therapy are important. The Women's Health Initiative in postmenopausal women did not demonstrate a cardiovascular benefit overall from hormone therapy, 33 but younger women going through natural menopause may derive such benefit. 33, 34 It is possible that BRCA1/2 mutation carriers undergoing abrupt surgical menopause to reduce ovarian cancer risk and receive hormone therapy may derive health benefits. Two prior studies have examined hormone therapy in BRCA1/2 mutation carriers. Rebbeck et al 35 examined 462 patients and reported no increased breast cancer risk with hormone therapy use after risk-reducing salpingo-oophorectomy. Eisen et al 14 examined hormone therapy in women who had undergone risk-reducing salpingo-oophorectomy and observed no increased risk associated with hormone therapy use. Further work is needed regarding this important issue.
We observed an association of riskreducing salpingo-oophorectomy with a significant reduction in all-cause, breast cancer-specific, and ovarian cancer-specific mortality. We previously reported that risk-reducing salpingooophorectomy was associated with a 90% reduction in breast cancerspecific mortality, a 95% reduction in ovarian cancer-specific mortality, and a 76% reduction in overall mortality. with those reports. The apparent lesser effect on mortality in BRCA2 vs BRCA1 mutation carriers may be due to the lower risk of ovarian cancer in BRCA2 mutation carriers as well as the more aggressive biological features of BRCA1-associated breast cancer; however, more data are needed to adequately address this important question.
There are a number of limitations to this study. We designed our study to maximize follow-up time and statistical power; however, this choice could have compromised our results in a number of ways. Our study design was powered to detect effects of riskreducing salpingo-oophorectomy and mastectomy stratified on BRCA1/2 as well as the other groups defined in the tables. The observation of statistically significant P values in many strata provides evidence that we had sufficient power for our preplanned hypotheses. A few strata-specific analyses did not achieve statistical significance, suggesting that we did not have sufficient power to detect some smaller than anticipated effects. Therefore, analyses in some substrata may require additional study after accrual of much larger sample sizes.
Ideally, the evaluation of riskreducing surgery on cancer risk and mortality reduction would involve a randomized controlled trial design. However, it is accepted in the field that a randomized approach would neither be acceptable nor ethical. As a result, this field of research is limited to undertaking observational studies that have methodological limitations. An observational design requires that statistical methods be used to correct for factors that may influence relative risk estimates. We have attempted to correct for a number of limitations of the observational study design by using the recommended analysis approaches of Klaren et al 36 and Hartmann et al. 37 However, additional analytical corrections could be considered in future analyses, including the effect of competing risks, or the consideration of the time-dependency aspect of riskreducing salpingo-oophorectomy or risk-reducing mastectomy and other covariates. As a result of these limitations, our results cannot be assumed to be causal in nature. Although all women who chose to forgo risk-reducing salpingo-oophorectomy were counseled to undergo intensive screening, we do not have detailed information on compliance of these recommendations at all centers. However, there are no data that ovarian cancer screening is effective in reducing the risk of developing ovarian cancer, or in reducing the risk of death from ovarian cancer. 38 Therefore, we feel that it is unlikely that compliance would significantly alter our results related to the ovarian cancer end points of incidence and mortality. Intensive breast cancer surveillance does not reduce the risk of developing breast cancer, but aims to improve early detection. Due to our lack of detailed information on breast magnetic resonance imaging compliance, we cannot conclude that risk-reducing salpingo-oophorectomy improved breast cancer-specific mortality compared with optimal screening; however, we found an association between women who underwent risk-reducing salpingooophorectomy and women who have better outcomes in terms of breast cancer risk, ovarian cancer risk, and ovarian cancer-specific survival, none of which would be anticipated to be affected by compliance to intensive breast cancer screening. We also found an association between women who underwent risk-reducing salpingooophorectomy and breast cancerspecific and overall survival compared with women who have chosen to forgo risk-reducing salpingo-oophorectomy.
